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REMARKS 

Claims 1 and 3-12 are pending in this application. 

Applicants have cancelled claim 2, without prejudice, and amended claim 1 to include the 
elements of original claim 2. As such, no new matter has been added by this amendment to the 
claims, and entry of the claim amendment is respectfully requested. 

In the Office Action mailed July 1 8, 2003 (Paper No. 5), the Examiner has noted that the 
original Specification contains infomialities and that some of the reference signs shown in the 
drawings are not mentioned in the description of the Specification. In response. Applicants have 
elected to delete the entire original Specification, including the Abstract, and to provide herewith a 
Substitute Specification in order to address the Examiner's objections to the Specification and the 
drawings. No new matter has been added to the Substitute Specification as will be seen from the 
enclosed comparative copy. Accordingly, entry of the Substitute Specification, and withdrawal of 
the Examiner's objections to the Specification and drawings are respectfully requested. 

Claim Rejections - 35 U.S.C. $ 103(a) 

The Examiner has rejected claims 1-6 and 8-9 under 35 U.S.C. § 103(a) as being 
unpatentable (obvious) over U.S. Patent No. 4,863,707 of McShea, 111, et ai ("McShea") in view of 
U.S. Patent No. 3,666,682 of Muenger C'Muenger") and further in view of U.S. Patent No. 
3,919,1 14 of Reynolds (''Reynolds"). Regarding claims 1, 3 and 5, the Examiner argues that 
McShea discloses a hydrogen generating apparatus essentially as claimed, except that McShea does 
not teach an oxidant gas feeding part being mixed with a reformed gas introduced to a shifting part 
and used to control temperature of the shifting part. The Examiner also acknowledges that McShea 
does not disclose any specific design of its two water shift stages. However, the Examiner argues 
that Muenger teaches an advantageous design of a water shift catalyst stage which is more efficient 
and economical than conventional technology using more than one catalyst bed with heat 
exchangers in between. The Examiner adds that the temperature of various zones of the Muenger 
apparatus is individually controlled, with the initial zone being quickly brought up to operating 
temperature with the temperature being controlled by, among other things, the composition of the 
feed stream. The Examiner concludes that it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to replace the two shift reactors of McShea with the shift 
reactor taught by Muenger for the purposes of improving process economy and efficiency. 
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Further, the Examiner acknowledges that Muenger does not disclose a temperature 
measuring part but argues that, since Muenger discloses that temperature has to be controlled, the 
presence of a temperature measuring part is inherent. The Examiner also acknowledges that 
Muenger does not disclose introducing oxygen into the feedstream. However, the Examiner argues 
that, as evidenced by Reynolds, it was known in the art at the time of the invention that oxygen can 
be added to the feedstream for a shift reactor to control the temperature of the reactor. The 
Examiner concludes, that it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to add oxygen to the feedstream before the shift reactor of McShea, in view 
of the combined teachings of Muenger and Reynolds, as doing so would amount to nothing more 
than the use of a known material for its intended use in a known environment to accomplish an 
entirely expected result. 

Additionally, with regard to claim 2, the Examiner argues that Muenger discloses an 
apparatus wherein the shift catalyst body contains as one component at least a platinum group-type 
catalyst. 

Moreover, with regard to claims 4 and 6, the Examiner acknowledges that McShea does not 
disclose the reforming catalyst part and the carbon monoxide (CO) purification catalyst part further 
comprising temperature measuring parts for control of the temperature in the catalyst parts, but 
contends that McShea discloses that it is desirable to control temperatures at various process parts. 
The Examiner concludes that it would have been obvious to one having ordinary skill in the art at 
the time the invention was made to include additional temperature sensors in reforming and CO 
purifying catalyst beds for the puipose of controlling temperature of the beds, since it would have 
been held that mere duplication of the essential working parts of a device involves only routine skill 
in the art. 

With regard to claims 8-9, the Examiner argues that, since neither the manner of operating a 
disclosed device nor material or article worked upon further limit an apparatus claim, claims 8-9 do 
not differentiate the apparatus from the prior art. 

The Examiner has rejected claim 7 as being obvious over McShea in view of Muenger and 
Reynolds, as applied to claim 1, and further in view of U.S. Patent No. 3,900,646 of Clyde. The 
Examiner acknowledges that McShea does not disclose a structure of the shift catalyst body and the 
CO purification catalyst body as claimed, but argues that Clyde teaches a catalyst body essentially as 
claimed is advantageous over other catalysts because it provides more efficient heat transfer, 
improved catalyst life by lowering sintering poisoning and fiaking, and lower pressure drop over the 
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catalyst bed. As such, the Examiner argues that the catalysts are especially well suited for 
endothermic and exothemiic reactions. The Examiner concludes that it would have been obvious to 
one of ordinary skill in the art at the time the invention was made to use a catalyst body comprising 
a carrier having a honeycomb structure, foamed body structure of corrugated structure carrying a 
catalyst component as the shift catalyst body and CO purification body of McShea, in view of 
Clyde, as doing so would amount to nothing more than use of a known material for its intended use 
in a known environment to accomplish an entirely expected result. 

The Examiner has rejected claims 10-12 as being obvious over McShea in view of Muenger 
and Reynolds, as applied to claim 1, and further in view of International Patent Application 
Publication Number WO 91/10496 of Szydlowski, et al. ("Szydlowski"). The Examiner 
acknowledges that McShea, Muenger and Reynolds do not disclose a scatter preventing means 
provided between the reforming catalyst body and the CO shifting body and between the CO 
shifting body and the CO purification body. However, the Examiner argues that Szydlowski teaches 
that providing filters as scatter preventing means following catalyst beds advantageously prevents 
catalyst losses from the catalyst beds. The Examiner concludes that it would have been obvious to 
one having ordinary skill in the art at the time the invention was made to add filter pads as scatter 
preventing means between said reforming catalyst body and said CO shifting body and between the 
CO shifting body and the CO purification body of McShea, as taught by Szydlowski, for the puipose 
of preventing catalyst losses from the catalyst bodies. The Examiner adds that, since Szydlowski 
teaches that pressure losses over the scatter preventing means are an issue, it would also have been 
obvious to place [a] temperature [detecting apparatus] near the scatter preventing means and 
pressure detecting apparatus upstream and downstream of the scatter preventing means to insure that 
there are no excessive pressure losses. 

Applicants traverse the Examiner's § 103(a) rejections, and the arguments in support thereof, 
for the reasons that follow. 

The present invention is directed to a hydrogen generating apparatus which includes a 
sequentially ordered reforming catalyst body, CO shifting catalyst body, and CO purification 
catalyst body (see amended claim 1 and, e.g., Fig. 1). Importantly, the claimed apparatus also 
includes fuel and water feeding parts, an oxidant gas feeding part and a heating part whereby the 
oxidant gas feeding part is aiTanged for mixing an oxidant gas (e.g., air) with both a refonned gas 
and a shifted gas such that at least a part of the reformed gas and a part of the shifted gas are 
oxidized in the shifting part and the purification part, respectively (see amended claim 1 and Fig. 1). 
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Additionally, the present invention includes the feature of the shifting catalyst body whereby a 
shifting catalyst contains at least a platinum group-type catalyst (see amended claim 1), whereby the 
shifting catalyst is capable of being heated and having air supplied to it in order to cause rapid 
oxidation of carbon monoxide without deteriorating the shifting catalyst. 

None of the cited prior art references, alone or combined, teaches or suggests the hydrogen 
generating apparatus as presently claimed. In particular, the cited prior art references do not teach or 
suggest (i) providing a platinum group-type catalyst as a shifting catalyst, or (ii) an oxidant gas 
feeding part for mixing an oxidant gas with a reformed gas introduced in a shifting part and a shifted 
gas introduced in a purification part to cause an oxidation reaction. Moreover, the cited references 
do not provide a motivation to modify and combine the references as either suggested by the 
Examiner or as the apparatus is presently claimed. Accordingly, there is no basis for a reasonable 
expectation of success from such a proposed modification and/or combination of the references. 

McShea is directed to a process for the production of ammonia from a hydrocarbon feed 
(see, e.g., Abstract and Fig. 2). More specifically, the process of McShea includes preheating an 
inlet stream comprising a hydrocarbon feed, introducing the feed to a first catalytic zone and then to 
a second catalytic zone to fomi a synthesis gas, after which the gas is passed to an ammonia 
synthesis loop (see, e.g., claim 1 and Fig. 2). Clearly, the structure and design of the claimed 
hydrogen generating apparatus are different from those of the apparatus described in McShea 
(compare, e.g., Fig 1 of the present application to Fig. 2 of McShea). This has been acknowledged 
by the Examiner who has recogned that McShea does not teach an oxidant gas feeding part or any 
specific design of the apparatus' shifting stages. 

It has also been recognized by the Examiner that, unlike McShea, the conversion process of 
Muenger subjects a feed gas to a single shift reactor (see, e.g., Fig. 1). More specifically, a feed gas 
mixture is passed concurrently through a catalyst inside the elements of a heat exchanger, such that 
the mixture absorbs heat from the reactants undergoing catalytic shift reaction on the outside of the 
heat exchanger (col. 1 , lines 50-53). The temperature profile of the reactants is successively 
controlled through an adiabatic section, an isothermal section and an equilibrium-limited section 
until a product gas leaves the reactor at the desired CO conversion and desired minimum exit 
temperature (col. 1, lines 54-63 and Figs. 1-2). Thus, as acknowledged by the Examiner, Muenger 
does not explicitly disclose introducing oxygen to the feed stream. 

Moreover, Muenger teaches away from shift conversion processes which have more than one 
shift reactor, as in such ''conventional systems" the exit temperature from the last bed is not the 
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minimum shifted gas temperature in the system as it should be for achieving maximum CO 

conversion (col. 1, lines 31-34). Additionally, as explained in Muenger, the reaction rates of 

conventional systems (like that of McShea) are slow at the beginning of each bed, since the bed 

temperature is lowest at that point (col. 1 , lines 34-36). Accordingly, Applicants argue, most 

strenuously, that, since Muenger does not disclose introducing oxygen to the feed stream and since 

Muenger teaches away from systems like that disclosed in McShea, it is not obvious to replace the 

two shift reactors of McShea with the shift reactor taught by Muenger in order to arrive at the 

hydrogen generating apparatus of the present invention. 

Notwithstanding, Applicants point out that, contrary to the Examiner's position, Muenger 

also does not disclose a shifting catalyst of a shifting catalyst body which contains as one 

component at least a platinum group-type catalyst, as recited in amended claim 1 . Instead, Muenger 

states, at column 3, lines 60-75, that: 

Conventional water-gas shift conversion catalysts may be employed in 
the process of our invention. For example, over a temperature range of about 
600'' to 1,050*' F. a suitable catalyst comprises iron oxide promoted by 1 to 15 
percent by weight of an oxide of a metal such as chromium, thorium, 
uranium, beryllium and antimony. This catalyst is characterized by heat 
stability (up to 1,1 84" F.), high activity, good selectivity, resistance to 
poisoning, constant volume, and long life. For low temperature shift 
reactions over a temperature range of about 350"* to 650" F. the catalyst may 
comprise mixtures of copper and zinc salts or oxides in a weight ratio of 
about 3 parts zinc to 1 part copper. Catalyst may be obtained in the fonn of 
pellets or irregular fragments that range in size from about 5 to 10 mm. and 
larger, or tablets ranging from one-fourth in. to three-eighths inch in diameter. 

Importantly, unlike the shifting catalyst body of the present invention, most other shifting catalyst 
bodies, including those described in the cited prior art, cannot withstand repetitive oxidation- 
reduction reactions without deterioration of the shifting catalyst. Also, such catalyst bodies do not 
provide the unexpected advantage of being able to integrate a fuel feeding part and a water feeding 
part so that the shifting catalyst can provide a shift reaction of water and carbon monoxide as in the 
present invention (see *1| 002 1 of Substitute Specification). As such, the shifting catalysts of the 
claimed hydrogen generating apparatus are not ''[c]onventional water-gas shift conversion catalysts'' 
as described above. The claimed shifting catalyst is not limited, for example, to a catalyst 
comprising iron oxide promoted by 1 to 1 5 percent by weight of an oxide of metal such as 
chromium, thorium, uranium, beryllium and antimony, nor is it limited to a catalyst which 
comprises mixtures of copper and zinc salts or oxides in a weight ratio of about 3 parts zinc to 1 part 
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copper. Instead, the claimed shifting catalyst is a catalyst which contains as one component at least 
a platinum group-type catalyst. It was only through extensive investigation and inventive activity 
that Applicants discovered the hydrogen generating apparatus as claimed, wherein an oxidant gas 
feeding part enables an oxidant gas to be mixed with: (i) a reformed gas introduced in a shifting 
catalyst body having a platinum group-type catalyst and (ii) a shifted gas introduced in a purification 
catalyst body, causing rapid oxidation of carbon monoxide without experiencing deterioration of the 
catalysts. 

As already mentioned, the Examiner acknowledges that Muenger does not disclose 
introducing oxygen into the feed streani. However, the Examiner contends that, as evidenced by 
Reynolds, it was known in the art at the time of the invention that oxygen can be added to the feed 
stream for a shift reactor to control the temperature of the reactor. In response, Applicants argue, 
most strenuously, that it is improper to combine Muenger and Reynolds as Muenger is directed to a 
catalytic reaction while Reynolds is directed to a non-catalytic reaction whereby a gaseous mixture 
is introduced to a non-catalytic thennal water-gas shift conversion zone causing a vapor phase 
reaction to occur (compare, e.g., Abstracts of Reynolds and Muenger), Moreover, Reynolds teaches 
away from catalytic water-gas shift type reactions stating that ''[t]he need for such water-gas shift 
catalysts constitutes an economic disadvantage in prior art processes." (col. 1, lines 55-57). 
Accordingly, Reynolds is not properly combinable with Muenger since their respective inventions 
are directed to completely different reaction processes and since Reynolds teaches away from 
catalytic-type processes. 

For all the reasons stated above, contrary to the Examiner's argument, it would not have 
been obvious to one of ordinary skill in the art at the time the invention was made to add oxygen to 
the feed stream before the shift reactor of McShea, in view of the combined teachings of Muenger 
and Reynolds. Accordingly, claims 1-6 and 8-9 are not obvious over McShea in view of Muenger 
and further in view of Reynolds, and claims 7 and 10-12 are also not obvious for the same reasons, 
since the additional references do not cure the deficiencies of this basic combination of references. 

Notwithstanding, even if prima facie obviousness could be shown based on the above noted 
combinations of references, such prima facie obviousness is sufficiently overcome by Applicants' 
improved and unexpected results. As described in the Specification, the claimed hydrogen 
generating apparatus unexpectedly provides a daily start/stop capability whereby catalyst 
temperatures in the various reaction parts can be stabilized in a short period of time (see *1| 0008 of 
Substitute Specification). The claimed apparatus also enables full manifestation and utilization of 
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the catalyst body, causing stable operation for a prolonged period of time, even where starting and 
stopping of the apparatus is repeated and vigorous vibration of the apparatus occurs (see ^| 0014 of 
Substitute Specification). Moreover, the claimed apparatus unexpectedly eliminates the influence of 
scatter of a catalyst body, which also allows the apparatus to operate stably for a long period of time 
(see *1| 0019 of Substitute Specification), 

Applicants' improved and unexpected results are evidenced in the several Examples set forth 
throughout the Specification (compare Example 2 at f\\ 0087-0095 and Examples 3-5 at 0140- 
0150 to Comparative Examples 1 and 2 at 0151-0157 of Substitute Specification). As stated at 
paragraph [0158] of the Substitute Specification, a comparison between the evaluation results of the 
Examples and Comparative Examples reveals that the present invention provides a hydrogen 
generating apparatus which elongates the life of a catalyst and suppresses influences caused by: 
stopping the operation of the apparatus, repetition of operation and vigorous vibration, thus enabling 
the apparatus to operate for a long period of time in a stable manner (see *1I 0158 of Substitute 
Specification). 

Based on the foregoing Amendment and Remarks, Applicants respectively submit that the 
present Specification and drawings comply with the requirements of § 112. Also, in view of the 
above Remarks, amended claim 1 is patentably distinct over the cited prior art. Moreover, while not 
necessarily agreeing with the Examiner's rejections of dependent claims 3-12, Applicants submit 
that, since claims 3-12 depend from claim 1 , either directly or indirectly, claims 3-12 are also 
patentably distinct over the cited prior art. Reconsideration and withdrawal of the Examiner's § 
103(a) rejections, and a Notice of Allowance, are respectfully requested. 



Respectfully submitted, 



KIYOSHI TAGUCHI, et al. 



(Date) 




By: 
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Registration No. 50,524 

AKIN GUMP STRAUSS HAUER & FELD LLP 

One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, PA 19103-7013 
Telephone: 215-965-1200 
Direct Dial: 215-965-1246 
Facsimile: 215-965-1210 



E-Mail: wyoungblood@akingump.com 
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TITLE OF THE INVENTION 
[0001] HYDROGEN GENERATING APPARATUS 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates to a hydrogen generating apparatus which uses a fuel 
5 hydrocarbon or the like and water as raw materials and gives a hydrogen gas by steam reforming of 
the fuel. 

[0003] For producing hydrogen, there are methods of steam reforming of fuels. In these 
methods, fuels such as natural gas, hydrocarbons like LPG, alcohols like methanol, naphtha and the 
like and water are used as raw materials and the fuels are subjected to a steam reforming reaction in 

10 a reforming part or reactor equipped with a reforming catalyst to generate hydrogen. There is also 
provided a shifting part conventionally for shifting water and carbon monoxide since carbon 
monoxide is produced as a by-product in the above-described steam reforming reaction. 
[0004] Further, when a steam reforming method is used for supplying hydrogen to fuel cells, 
particularly to a solid polymer fuel cell, a purification part utilizing a carbon monoxide oxidizing 

15 method, methanization method or the like is provided for further removal of carbon monoxide in a 
shifted gas passed through a shifting part. The above-described reforming part, shifting part and 
purification part are equipped with catalysts corresponding to respective reactions and the reaction 
temperatures differ depending on the catalysts, therefore, there is a need to heat respective catalysts 
to respective reaction temperatures for stable generation of hydrogen. 

20 [0005] In such hydrogen generating apparatuses, the temperature in the reforming part is most 
high and the temperature lowers gradually in the order of the reforming part, the shifting part into 
which a reformed gas flows in and the purification part into which a shifted gas flow in since a 
heating part is provided only in the reforming part situated at the upstream side. Therefore, there 
has been adopted a constitution in which the shifting part and the purification part are heated 

25 sequentially with heat from the reforming part, for example, heat kept in reformed gas or surplus 
heat in the heating part. 

[0006] In such constitution, however, a long time is required before the catalyst temperatures of 
respective reaction parts (reforming part, shifting part and purification part) are stabilized. Surely, 
there is no specific problem in a hydrogen generating apparatus which is usually operated in 
30 continuous mode used in a plant and the like since the operation can be effected while esfimating the 
starting-up time. However, such constitution is not preferable in a hydrogen generating apparatus 
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which effects frequent starting up and stopping and needs stable generation of hydrogen in a short 
period of time. 

[0007] On the other hand, there is also used a method in which special heating parts are 
provided to respective reforming part and purification part and the starting-up time is shortened by 
5 allowing the heating parts to actuate when catalysts are heated in starting up the apparatus. This 
method, however, has a problem that constitution becomes complicated or the cost of the apparatus 
increases due to integration of the heating parts into the apparatus. 

[0008] The first object of the present invention is to provide a hydrogen generating apparatus 
assuming daily starting-up and stopping in which the temperatures of catalysts in respective reaction 
10 parts can be stabilized in a short period of time by a simple constitution, in view of the above- 
described facts. 

[0009] In the above-described steam reforming, hydrocarbon-based fuels such as methane, 
propane, gasoline, kerosene and the like are reformed at temperatures from about 500 to 800° C, and 
alcohol and ether-based fuels are reformed at temperatures from about 200 to 400° C. 
15 [0010] In this reforming, higher the reaction temperature, higher the concentration of carbon 
monoxide (CO) generated, therefore, particularly when hydrocarbon-based fuel is used, a CO 
shifting catalyst is used and CO and steam are reacted to reduce the CO concentration down to 0. 1 to 
1% for example. 

[0011] Particularly in the case of a fuel cell which works at a lower temperature of about 100° C 
20 like a solid polymer fuel cell, there is required decrease in the CO concentration down to several 
ppm level, hence causing use of a CO purification catalyst which selectively oxidizes CO by 
addition of a trace amount of air. This catalyst has been used as a catalyst body having a form of 
pellet such as cylindrical, spherical and the like. 

[0012] However, when a catalyst body in the form of a pellet is used, there has been a problem 
25 that since the catalyst body collapses due to heat impact in each starting up of a fuel cell and 

vibration in being mounted on vehicles and the like, the catalyst can not be used until the life 

inherent to the catalyst component due to generated need of exchange with a novel catalyst body. 

There has been also a possibility that a catalyst powder produced by collapsing of the catalyst body 

obstructs the fuel flow route of a fuel cell. 
30 [0013] Namely, conventional hydrogen generating apparatuses have no large problem in uses 

wherein only stationary operation is conducted in chemical plants and the like and frequent starting 

up operation is not required, however have problems in uses wherein stopping of operation and 
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Starling up are repeated and vigorous vibration occurs such as in fuel cells for domestic use or for 
vehicle use. 

[0014] The second object of the present invention is to provide a hydrogen generating apparatus 
which can allow the ability of a catalyst body to be fully manifested and can provide utilization of 
5 the full life of the catalyst body, causing stable operation for a long period of time, even in uses 

wherein stopping of operation and starting up are repeated and vigorous vibration occurs, in view of 
the above-described facts. 

[0015] Further, conventional hydrogen generating apparatuses which provide generation of 
hydrogen by the above-described steam reforming have no means provided between these reforming 
10 catalyst body, CO shifting catalyst body and CO purification catalyst body to prevent catalyst 
components from scattering or scattering. 

[0016] When means to prevent scatter of a catalyst are not provided, there is a possibility that 
heat impact is applied to a catalyst body in starting up the hydrogen generating apparatus, a catalyst 
body collapses due to vibration when placed on vehicles, and when used for a long period of time, 

15 fallen catalyst components fly to the downstream side of a catalyst body. 

[0017] In this case, the scattered reforming catalyst methanizes a reformed gas, the scattered CO 
shifting catalyst prevents selective oxidation of CO and increases the CO concentration by a reverse 
shift reaction, providing a factor causing reduction in efficiency of the whole apparatus. 
[0018] Thus, conventional methods have no large problem in uses wherein only stationary 

20 operation is conducted in chemical plants and the like and frequent starting up operation is not 

required, however have a lot of problems in uses wherein stopping of operation and starting up are 
repeated and vigorous vibration occurs such as in fuel cells for domestic use or for vehicle use. 
[0019] The third object of the present invention is to provide a hydrogen generating apparatus 
which eliminates influence by scatter of a catalyst body and operates in a stable manner for a long 

25 period of time, for solving the above-described problems of hydrogen generating apparatuses, in 
view of the above-described facts. 

BRIEF SUMMARY OF THE INVENTION 
[0020] The present invention provides, for first attaining the above-described first object, a 
hydrogen generating apparatus comprising a fuel feeding part, a water feeding part for fuel 
30 reforming, an oxidant gas feeding part, a reforming catalyst body, a heating part for the above- 
described reforming catalyst, a CO shifting catalyst body and a CO purification catalyst body and in 
which the reforming catalyst body, the CO shifting catalyst body, the CO purification catalyst body 
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being placed sequentially in this order from the above-described fuel feeding part toward the 
downstream side, wherein a fuel and water are fed to the above-described reforming part which has 
been heated, an oxidant gas from the above-described oxidant gas feeding part is mixed with each of 
the above-described reformed gas introduced into the above-described shifting part and a shifted gas 
5 obtained in the above-described shifting part and introduced into the above-described purification 
part, and at least a part of the above-described reformed gas and at least a part of the above- 
described shifted gas are oxidized respectively in the above-described shifting part and the above- 
described purification part. 

[0021] The above-described fuel feeding part and the water feeding part may be integrated, and 
10 the CO shifting catalyst is a catalyst which allows shift reaction of water and carbon monoxide. 

[0022] In this case, it is preferable that a shifting catalyst of the above-described shifting catalyst 

body contains as one component at least a platinum group-type catalyst. 

[0023] Further, it is preferable that a hydrogen generating apparatus has a shifting catalyst 

temperature measuring part which measures the temperature of the above-described shifting catalyst 
15 body and the temperature of the shifting catalyst is controlled by controlling the amount of an 

oxidant gas to be mixed with the above-described reformed gas. 

[0024] Furthermore, it is preferable that a hydrogen generating apparatus has a purification 
catalyst temperature measuring part which measures the temperature of the above-described 
purification catalyst body and the temperature of the purification catalyst is controlled by controlling 
20 the amount of an oxidant gas to be mixed with the above-described shifted gas. 

[0025] Still further, it is preferable that an oxidant gas from the above-described oxidant gas 
feeding part is mixed with a fuel and water from the above-described fuel feeding part and the water 
feeding part. 

[0026] Moreover, it is preferable that a hydrogen generating apparatus has a reforming catalyst 
25 temperature measuring part which measures the temperature of the above-described reforming 

catalyst body and the temperature of the reforming catalyst is controlled by controlling the amount 

of an oxidant gas to be mixed with the above-described fuel and water. 

[0027] In the hydrogen generating apparatus of the present invention, it is preferable, for 

attaining the above-described second object, that the reforming catalyst body, CO shifting catalyst 
30 body and CO purification catalyst body comprise a carrier or support having a honeycomb structure, 

foamed body structure or corrugated structure which carries a catalyst component. 

[0028] It may be advantageous that a hydrocarbon fuel, alcohol fuel or ether fuel is fed from the 

above-described fuel feeding part. 
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[0029] Further, it is preferable that the above-described water feeding part for fuel reforming 
feeds also air together with steam. 

[0030] Also, it is preferable that the above-described water feeding part for fuel reforming feeds 
only air. 

5 [0031] As materials constituting the above-described carrier, heat-resistant inorganic materials, 
metals and heat-conductive inorganic materials are exemphfied. Further, the above-described 
carrier may be constituted of a complex material composed of heat-resistant inorganic materials and 
metals or heat-conductive inorganic materials. 

[0032] Furthermore, the hydrogen generating apparatus of the present invention has, for 
10 attaining the above-described third object, the above-described scatter preventing means provided at 
least between the above-described reforming catalyst body and the above-described CO shifting 
catalyst body or between the above-described CO shifting catalyst body and the above-described CO 
purification catalyst body. 

[0033] It is preferable that the above-described scatter preventing means is a filter and a pressure 
15 detecting apparatus which detects pressure loss caused the above-described filter is placed at the 
upstream side and at the downstream side of the above-described filter. 

[0034] As the above-described filter, filters are exemplified constituted of fiber composed of a 
metal, ceramics or complex thereof. There can also be used filters composed of a metal, ceramics or 
complex thereof in the form of mesh, honeycomb or foam. 
20 [0035] In the hydrogen generating apparatus of the present invention, it is preferable that the 
temperature of the above-described filter is higher than the temperature at which a reformed gas is 
methanized. 

[0036] Further, it is preferable that a temperature detecting apparatus is provided at a position 
near the above-described filter. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0037] The foregoing summary, as well as the following detailed description of preferred 
embodiments of the invention, will be better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the invention, there is shown in the drawings 
embodiments which are presently preferred. It should be understood, however, that the invention is 

30 not limited to the precise arrangements and instrumentalities shown. 
[0038] In the drawings: 
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[0039] Fig. 1 is a schematic longitudinal section view showing the constitution of a hydrogen 
generating apparatus of one embodiment in accordance with the present invention. 
[0040] Fig. 2 is a schematic longitudinal section view showing the constitution of a hydrogen 
generating apparatus of another embodiment in accordance with the present invention. 
5 [0041] Fig. 3 is a schematic view showing the constitution of a hydrogen generating apparatus 
of still another embodiment in accordance with the present invention. 
[0042] Fig. 4 is a schematic constitution view of a hydrogen generating apparatus of a 
comparative example 1. 

[0043] Fig. 5 is a schematic constitution view of a hydrogen generating apparatus of another 
10 embodiment in accordance with the present invention. 

[0044] Fig. 6 is a schematic constitution view of a hydrogen generating apparatus of another 
embodiment in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0045] For easy understanding, the present invention will be explained by the below 
1 5 embodiments by referring to drawings. 

Embodiment 1 

[0046] One embodiment of the hydrogen generating apparatus of the present invention will be 
first described. 

[0047] Fig. 1 is a schematic longitudinal section view showing the constitution of a hydrogen 
20 generating apparatus according to one embodiment of the present invention. In Fig. 1, water and 
fuels such as hydrocarbons and the like which are raw materials for a steam reforming reaction are 
fed from a raw material feeding part 1 acting simultaneously as a fuel feeding part and a water 
feeding part for fuel reforming. Namely, in this embodiment, the fuel feeding part and the water ' 
feeding part for fuel reforming are integrated into one part. 
25 [0048] In a reforming part 2, a reforming catalyst part 2b for accommodating a reforming 

catalyst 2a for a steam reforming reaction is provided and it steam-reforms a fuel. Herein, as the 
reforming catalyst 2a, there are used, for example, catalyst prepared from platinum group noble 
metals and the like. 

[0049] A reforming catalyst temperature measuring part 3 detects the temperature of the 
30 reforming catalyst 2a carried on the reforming catalyst body 2b. A heating part 4 is for heating the 
reforming part 2 in steam-reforming a fuel, and herein, a flame burner is used for example. 
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[0050] A shifting part 6 accommodates a shifting catalyst body 6a, and allows carbon monoxide 
in the reformed gas obtained in the reforming part 2 to shift. Further, a shifting catalyst temperature 
measuring part 7 is provided for detecting the temperature of the shifting catalyst body 6a. Herein, 
as the catalyst to be carried on the shifting catalyst body 6a, there are used catalysts prepared from 
5 platinum group noble metals or catalysts containing at least copper, for example. 

[0051] A purification part 10 has a purification catalyst body 10a such as, for example, platinum 
group-type oxidizing catalysts and the like provided inside, and oxidizes and/or hydrogenates carbon 
monoxide in the shifted gas obtained in the shifting part 6, to purify the shifted gas. Further, 
purification catalyst temperature measuring part 1 1 is provided. 

10 [0052] A raw material feeding route or path 5 is provided from the raw material feeding part I to 
the reforming part 2, and a reformed gas feeding route 8 is provided for feeding a reformed gas from 
the reforming part 2 to the shifting part 6. Further, a shifted gas feeding route 9 is provided for 
feeding a shifted gas from the shifting part 6 to the purification part 10. The purified gas (hydrogen) 
obtained in the purification part 10 is discharged through a hydrogen discharging route 12. 

15 [0053] Further, from an oxidant gas-feeding part 13, an oxidant gas such as air and the like is 
fed to the reformed gas feeding route via a first route 13a and an oxidant gas is fed to the shifted gas 
feeding route 9 via a second route 13b. 

[0054] Then, movement of the hydrogen generating apparatus of Embodiment 1 in generating 
hydrogen, which is characteristic to the present invention will be explained. 

20 [0055] The hydrogen generating apparatus of the present invention has the heating part 4 

provided only in the reforming part 2 on the most upstream side, and allows this heating part 4 to 
operate and heat the reforming catalyst 2a. Further, water and a fuel such as a hydrocarbon and the 
like which are raw material are allowed to contact with the reforming catalyst 2a heated through the 
raw material feeding route 5 from the raw material feeding part 1, for facilitating of a steam 

25 reforming reaction. 

[0056] As described above, the gas discharged from the reforming part (reformed gas) is 
introduced into the shifting part 6 via the reforming gas feeding route 8, subsequently, the shifted 
gas obtained in the shifting part 6 is introduced into the purification part 10 through the shifted gas 
feeding route 12. Further, the purified gas (hydrogen) obtained in the purification part 10 is 

30 discharged to outside through the hydrogen discharging route 9 and fed to a fuel cell and the like, for 
example. 

[0057] In this constitution, air is fed from the oxidant gas-feeding part 13 through the first route 

13a and the second route 13b to the reformed gas and shifted gas to be mixed. By this mechanism, 
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the catalyst temperature in the shifting part 6 and the purification part 10 can be increased and 
stabilized even if a heating part is not provided in the shifting part 6 and the purification part 10 and 
the heating part 4 is provided only in the reforming part 2. 

[0058] For starting up a hydrogen generating apparatus at room temperature and feeding, in a 
5 stable manner, hydrogen (purified gas) containing a small amount of carbon monoxide, it is 
necessary that catalysts in the shifting part 6 and the purification part 10 are heated to suitable 
temperatures. Then, the hydrogen generating apparatus of the present invention utilizes effectively 
heats of the reformed gas and the shifted gas and stabilizes the catalyst temperature of each reaction 
part in a short period of time, irrespective of the heating part provided only in the reforming part 2. 
10 [0059] Namely, the hydrogen generating apparatus of the present invention is characterized in 
that an oxidant gas such as air is previously fed and mixed not only with a shifted gas introduced 
into the purification part, which oxidizes carbon monoxide and decreases the amount thereof, but 
also with a reformed gas introduced into the shifting part. 

[0060] Next, there will be illustrated more in detail how the catalyst temperature in each reaction 
15 part in the hydrogen generating apparatus of the present invention having such constitution is 
stabilized. 

[0061] The reforming part 2 is heated by the heating part 4 to increase quickly the temperature 
of the reforming catalyst body 2b. The fuel reformed by the reforming catalyst 2a becomes a 
reformed gas, then, shifted in the shifting part 6 to become a shifted gas. Then, the shifted gas 

20 purifies carbon monoxide contained in the purification part 10. 

[0062] In this embodiment of the present invention, air from the oxidant gas feeding part is fed 
and mixed with a reformed gas before introduced into the shifting part 6 and a shifted gas before 
introduced into the purification part 10. By this, oxygen in the fed air and a part of the reformed gas 
and a part of the shifted gas cause oxidation reactions in the shifting part 6 and the purification part 

25 10, generating oxidation heats. By these heats, catalysts in the shifting part 6 and the purification 
part 10 are heated quickly to temperatures suitable for the reactions. 

[0063] In the present invention, since heat generated in the shifting catalyst body 6a and the 
purification catalyst body 10a are utilized, the amount of such generated heat can be controlled by 
the amount of air fed and the control of the catalyst temperature also becomes easy. 
30 [0064] Further, since a large amount of hydrogen is contained in the reformed gas by a steam 
reforming reaction of a fuel such as a hydrocarbon and the like, an oxidation reaction can be 
progressed easily even if catalysts in the shifting part and the purification part are in low 
temperature condidon directly after starting up. 
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[0065] According to Embodiment 1 of the present invention, the catalyst in each reaction part 
can be heated to an appropriate temperature in a shorter period of time than that in a constitution 
wherein the shifting part and the purification part are heated sequentially, by using only heat kept in 
the reformed gas, since each reaction part can be heated separately. Also, a relatively simple 
5 constitution is possible in which an oxidant gas-feeding part 13 is only added. 

[0066] In this embodiment, an appropriate treatment can be made even if the flow rates of raw 
materials to be fed (fuel and water) change. When a small amount of raw materials are fed, since 
the relative amount of heat kept in the reformed gas decreases, there is a tendency that temperatures 
lower in the shifting part and the purification part. Further reason for this is that it becomes possible 
10 to cause heat generation and maintain temperature in each reaction part by controlling the amount of 
air fed depending on the lowering of the temperature. 

Example 1 

[0067] The hydrogen generating apparatus according to Embodiment 1 described above was 
actually allowed to operate. First, operation in starting up the apparatus will be described. 

15 [0068] The heating part 4 was allowed to operate to initiate heating of the reforming part 2. 

Then, a methane gas, which was a hydrocarbon, was used as a fuel, which was a raw material, and 2 
mol or more water was added per 1 mol of a methane gas, and fed to the reforming catalyst 2a 
(catalyst prepared from platinum group-type noble metal) in the reforming part 2. The heating 
quantity in the heating part 4 was controlled so that the temperature of the reforming catalyst 

20 became about 700° C for proceeding of the steam reforming reaction. 

[0069] Then, the resultant reformed gas was fed to the shifting part 6 filled with a platinum 
group-type noble metal catalyst. In the shifdng part 6, the content of carbon monoxide in the 
reformed gas is decreased by the shifting reaction with water. It is necessary that the shifting 
catalyst body 6a is heated quickly to a temperature from about 200 to 350° C for proceeding the shift 

25 reaction. Then, air was fed to the reformed gas, a part of the reformed gas component was oxidized 
using a shifting catalyst body 6a, and the catalyst was heated to a temperature suitable for the 
reaction. The amount of air to be fed was controlled based on the detected temperature by the 
shifting catalyst temperature measuring part, so that, in the present example, the upper limit 
temperature was 350"^ C. 

30 [0070] Then, the shifted gas obtained in the shifting part 6 was mixed with air fed and 

introduced into the purification part 10. In the purification part 10, carbon monoxide is oxidized 
with oxygen and removed. 
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[0071] Also in the purification part 10, at least a part of the shifted gas component is oxidized by 
using a purification catalyst body 10a carrying a purification catalyst (platinum group-type oxidation 
catalyst), and the catalyst is heated to a temperature suitable for the reaction, similarly in the shifting 
part 6. The amount of air to be fed was controlled so that, in the present example, the detected 
5 temperature in the purification catalyst temperature measuring part was from 100 to 200"" C. 

[0072] The amounts of air fed to the shifting part 6 and the purification part 10 have to be set 
depending on the amount of hydrogen to be generated. In the present example as described above, 
by feeding air to the shifting part 6 and the purification part 10 and by heating each reaction part, the 
time until the catalyst temperature in each reaction part reached the temperature suitable for the 
10 reaction could be shorted to about one-forth as compared with the case in which air is not fed in the 
constitution of the present invention. 

[0073] Then, the hydrogen generating apparatus was operated to give stationary state. 
[0074] Heating operation in the heating part 4 was controlled so that the temperature of the 
reforming catalyst was about 700° C, and the steam reforming reaction was proceeded in a stable 
15 manner. In this stationary state, feeding of air was stopped at the flow rate which could maintain the 
temperature of the shifting part by the heat kept in the reformed gas. 

[0075] In this case, in the purification part 10, carbon monoxide could be oxidized (purified) by 
feeding air containing oxygen at an amount corresponding to at least a half amount of carbon 
monoxide in the shifted gas, even if the temperature reached to 100 to 200° C. 
20 [0076] Further, even if the amount of raw materials to be fed were changed, the hydrogen 
generating apparatus could reach the stationary state quickly. 

[0077] When the amount of raw materials fed was changed up to 3-fold, the catalyst temperature 
changed significantly if air was not fed depending on the catalyst temperature. Resultantly, the 
concentration of carbon monoxide at the exit of the purification part 10 revealed a value about 10 
25 times larger than that in stationary operation. 

[0078] On the other hand, it was confirmed that when air was fed depending on the catalyst 
temperature, approximately the same carbon monoxide concentration as that in stationary operafion 
could be maintained. 

[0079] In the present example, the amount of air fed was controlled by the catalyst temperature 
30 typified by the detected temperature at each catalyst temperature measuring part, however, if the 

apparatus operation conditions are apparent, the amount of air to be fed may be set depending on the 
conditions. 
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[0080] While air was fed as a gas containing oxygen, any one may be permissible provided it is 
a gas containing oxygen. Further, the flame burner was used as the heating part 4, however, any 
heating means may be permitted providing it can heat the reforming catalyst. 

Embodiment 2 

5 [0081] Next, another embodiment of the hydrogen generating apparatus of the present invention 
will be described. 

[0082] Fig. 2 is a schematic longitudinal section view showing the constitution of a hydrogen 
generating apparatus according to one embodiment of the present invention. The hydrogen 
generating apparatus shown in Fig. 2 has basically the same constitution as the hydrogen generating 
10 apparatus shown in Fig. 1 , and effects the same operation. In this description, explanations of the 
same parts of them are eliminated, and only different parts are illustrated. 

[0083] The different parts include a point in which a third route 13c is provided on the oxidant 
gas-feeding part 13 and air is fed through the third route to raw materials (fuel and water) before 
introduced into the reforming part 2. 
15 [0084] Also regarding the reforming catalyst in the reforming part 2, it is necessary, in starting 
up, that heating is conducted quickly up to the temperature suitable for the reaction. Therefore, the 
present embodiment adopts a constitution in which air is fed to raw materials before introduced into 
the reforming part 2 and a part of the raw materials is oxidized by using a reforming catalyst to heat 
the reforming catalyst. 

20 [0085] By this constitution, the catalyst can be heated to the temperature suitable for each 

reaction in each reaction part, and the time required until stable feeding of hydrogen can be further 
shortened. 

[0086] Since the relative amount of fed hydrogen decreases by feeding air to each reaction part, 
it is preferable to provide sufficient heat dissipation-preventing measures to each reaction part and 
25 gas feeding route from the viewpoint of reduction in the amount of air to be fed. For example, each 
reaction part and gas feeding route may be covered with a heat insulating material. 

Example 2 

[0087] The hydrogen generating apparatus according to Embodiment 2 described above was 
allowed to operate. 

30 [0088] The apparatus was operated in the same manner as in Example 1 described above except 
that air was fed to raw materials before introduced into the reforming part 2 in starting up and a part 
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of the raw materials was oxidized in the reforming part 2. It was confirmed that by feeding air to 
raw materials before introduced into the reforming part 2, the catalyst temperature in the reforming 
part 2 reached to the set temperature more quickly as compared with Example 1. 
[0089] By using platinum group-type catalysts in the reforming part 4r2, the shifting part 6 and 
5 the purification part 10 as in the present example, oxidation with air of the reformed gas and fuel 
(hydrocarbon), which are raw materials, can proceed quickly. 

[0090] Particularly, by adopting a constitution in which catalysts mainly composed of platinum 
are commonly used, recycle of the catalysts is easy in recovering catalysts. Further, reduction 
treatment of catalysts is not needed and oxidation of catalysts does not occur easily by mixing of air 

10 after stopping of the apparatus, leading resultantly to easy maintenance, 

[0091] Further, catalysts other than platinum group-type catalysts may be used in the reforming 
part 472^ shifting part 6 and purification part 10, in the range wherein the effect of the present 
invention is not lost. For example, catalysts suitable for respective reactions may be appropriately 
selected by those skilled in the art, such as nickel-type catalysts for the reforming part 4:2, copper- 

15 type catalysts for the shifting part 6 and gold-type catalyst for the purification part 10, and the like. 
[0092] Further, the catalyst temperature for each reaction part may advantageously be set 
depending on the kind of the catalyst used, and as the raw material fuel, there may be used any 
material usually used as a raw material of steam reforming, such as, in addition to methane, natural 
gas, hydrocarbons such as LPG and the like, alcohols such as methanol, naphtha and the like. 

20 [0093] According to Embodiments 1 and 2 of the present invention, a part of oxygen in air fed 
and raw materials or reformed gas are oxidized by using the catalyst in the reforming part, shifting 
part or purification part, to generate oxidation heat. This heat enables quick heating of the catalyst 
in each reaction part up to the temperature suitable for the reaction. Further, since oxidation heat on 
the reforming catalyst, shifting catalyst and purification catalyst is utilized for heating, the amount 

25 of heat generation can be controlled by the amount of air to be fed and the catalyst temperature can 
be controlled easily. 

[0094] Moreover, the time required until stable hydrogen feeding is obtained in starting up of 
the apparatus can be shortened significantly and change in the catalyst temperature in each reaction 
part in changing of the amount of hydrogen generated can be dealt with appropriately. 
30 [0095] Also, a relatively simple apparatus constitution is possible in which the shifting part and 
the purification part need no special heating means. 
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Embodiment 3 

[0096] Another embodiment of the hydrogen generating apparatus of the present invention will 
be explained below. The explanation will be made sequentially along the flow of a fuel (raw 
material gas) in the hydrogen generating apparatus of the present invention referring to a drawing 
5 for easy understanding. 

[0097] Fig. 3 is a schematic view showing the constitution of one example of a hydrogen 
generating apparatus of the present invention. 

[0098] In the hydrogen generating apparatus shown in Fig. 3, a fuel is introduced though a fuel 
feeding part 21, and steam is added through a water feeding part 22 for fuel reforming. A raw 

10 material gas prepared by mixing the fuel and steam is heated by passing through a flow route having 
a heat exchange fin 23. The raw material gas comes into contact with a reforming catalyst body 24 
heated by a heating burner 25 and reacts therewith, to produce a reformed gas. In this operation, a 
combustion gas is discharged from an exhaust port 26. Then, the amount of CO contained in this 
reformed gas is reduced by a CO shifting catalyst body 27. Further, since CO is required to be 

15 removed to several ppm level for use in a solid polymer fuel cell, a small amount of an oxidant gas 
such as air and the like is introduced through a CO purifying oxidant gas-feeding part 28, and CO is 
oxidized to be removed by using a CO purification catalyst body 30t29. A reformed gas from which 
CO has been removed is fed through a reformed gas outlet 30 to a fuel cell for example. 
[0099] The fuel to be introduced through the fuel feeding part 2 1 is not particularly restricted 

20 providing it can feed hydrogen, and examples thereof include various fuels of hydrocarbon type, 
ether type and alcohol type such as natural gas, coal gas, liquefied petroleum gas, propane gas, 
kerosene, gasoline, methanol and dimethyl ether and the like. There can also be used oil gases 
obtained by thermal cracking of petroleum and town gases prepared by mixing liquefied petroleum 
gas. Of them, a 13A town gas is composed of methane as a main component and can be used in the 

25 same like manner as natural gas. 

[0100] In the present invention, hydrogen can be generated by reforming the above-described 
fuel, and as this reforming method, there can be used any reforming method such as a steam 
reforming method in which steam is added, a partial reforming method in which air is added, 
reforming methods composed of combinations thereof, and the like. 

30 [0101] Therefore, it may be permissible that steam is added through the water feeding part 22 or 
a mixture of air and steam is also added, depending on the kind of the above-described reforming 
method. 
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[0102] The feeding ratio of a fuel to steam differs depending on the kind of the fuel the kind of 
the reforming method and the Hke, and it may be advantageous that the ratio is not less than the 
stoichiometric ratio for conversion of a fuel into CO2 and hydrogen and within the range in which 
the effeciency does not decrease. Specifically, it may be advantageously from 1 to 3 in terms of the 
5 stoichiometric ratio. 

[0103] When a steam reforming method is used as the reforming method, it may be 
advantageously within the ranges described below, for example. 



Kind of fuel 


Feeding amount per fuel 1 


Natural gas 




Propane gas 


6-15 


Kerosene 


20-40 


Gasoline 


16-32 


Methanol 


1 -2 


Dimethyl ether 


31-26 



[0104] The term "reformation" generally means an operation to generate hydrogen from a fuel 
10 and steam or an oxidant gas (for example, oxygen) or to change the composition of a hydrocarbon as 
the fuel by utilizing heat or a catalyst to improve the properties and conditions thereof. In the 
present invention, it means that hydrogen is generated from a fuel and steam and/or an oxidant gas. 
[0105] A raw material (mixed) gas composed of a fuel and steam introduced through the fuel 
feeding part 21 and the water feeding part 22, then, passes through a flow route equipped with a heat 
15 exchange fin 23 and comes into contact with a reforming catalyst body 24. The flow route may 

advantageously be constituted of a conventionally known material such as a metal like stainless steal 
(copper, aluminum or the like is possible in the case of lower temperature) for example, and the heat 
exchange fin 23 may also be constituted of a conventionally known material. 
[0106] The reforming catalyst body 24 plays a role that the above-described raw material gas is 
20 heated with a heating burner 25 and further is allowed to contact with the reforming catalyst to 
reform the fuel to generate a hydrogen gas. 

[0107] In the present invention, the structure of this reforming catalyst body has the feature. 
Namely, the present inventors have intensively studied for solving a problem that a convenfionally 
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used catalyst body in the form of a pellet tends to collapse, and resultantly, found a reforming 
catalyst body having a structure as described below. 

[0108] That is, the reforming catalyst body 24 is constituted by allowing catalyst components to 
be carried on a carrier having a honeycomb structure, foamed body structure of corrugated structure. 
5 [0109] By adopting such structure, collapse as in a conventional catalyst body does not occur, 
and properties can be stabilized for a long period of time. Further, since contact area with a raw 
material gas increases as compared with a conventional catalyst body in the form of a pellet, there 
are merits that an efficient reaction can be effected, the amount of catalysts can be reduced, and the 
heat capacity of a catalyst body can also be decreased. 
10 [0110] Further, since the surface area per volume is large, there are merits that heat dissipation 
by radiation and convection is large and heat-conductivity is also high, and further, heat from the 
heating burner 5 transfers uniformly to all over the reforming catalyst and the reaction heat can be 
removed quickly. 

[0111] Then, a method for producing the reforming catalyst body 24 will be explained. 
1 5 [0112] The reforming catalyst body 24 can be produced by mixing a powder of a reforming 

catalyst (catalyst component) with a dispersing medium to prepare a slurry, coating this slurry on a 
carrier, then drying the coated slurry. 

[0113] The reforming catalyst is not particularly restricted providing it has a function to generate 
hydrogen from a fuel and steam and/or oxygen, and examples thereof include Ni-type catalysts such 
20 as nickel carried on alumina, noble metal catalysts such as ruthenium carried on alumina, rhodium 
carried on alumina and the like. 

[0114] In the present invention, this reforming catalyst is ground by an ordinary method to give 
a powder. The particle size of this powder is not particularly restricted providing it is in the range 
wherein dispersibility is not disturbed when a slurry is produced and releasing does not occur when 
25 carried on a carrier. Specifically, the range from 1 to 2 ^im may be allowable, for example. 

[0115] The dispersing medium which disperses a reforming catalyst body is not particularly 
restricted providing it can be evaporated easily after the resultant slurry is coated on a carrier. 
Specifically, water, alcohol and the like are exemplified, for example. 

[0116] The carrier used in the present invention has a honeycomb structure, foamed body 
30 structure or corrugated structure. It is because, contact area with a raw material gas is increased, as 
described above. In the foamed body structure, it is preferable that bubbles communicate each other 
since when bubbles are closed, the raw material gas does not pass easily. 
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[0117] The material of the carrier is not particularly restricted providing it is stable under 
hydrogen rich atmosphere or high temperature use condition, and examples thereof include heat- 
resistant inorganic materials such as cordierite, alumina, silica alumina and mullite, high heat- 
conductive materials such as silicon carbide, metal materials such as various stainless steels, and the 
5 like. 

[0118] The above-described heat-resistant inorganic material has a merit that when used for a 
long period of time under high temperature condition, stable function is maintained (kept). 
[0119] The above-described high temperature-conductive inorganic material has a merit that the 
temperature distribution of the resultant reforming catalyst body 24 is uniformed, and temperature 
10 control thereof becomes easy, enhancing the reaction efficiency. 

[0120] When the above-described metal material is used, there is a merit that molding is easy 
and extremely high resistance against vibration is obtained. 

[0121] Further, such a carrier may advantageously be produced from the above-described 
materials by conventional methods such as extrusion molding, soldering, casting and the like. 
15 [0122] Coating of a slurry on the above-described carrier may advantageously be effected by 
known methods conventionally used in the fields of a paint and the like, and examples thereof 
include a spray method, roll method and the like. 

[0123] The drying may be natural drying or heat drying. When the heating temperature is raised 
too much, the function of a catalyst may be possibly disturbed, requiring caution. 
20 [0124] The amount of coating of a reforming catalyst component onto a carrier may be 

appropriately selected by those skilled in the art, though it differs depending on the kind of the 
catalyst component, the king of fuel gas and the like. 

[0125] The heating temperature of the reforming carrier 24 obtained as described above when a 
raw material gas passes through differs depending on the king of a fuel, the kind of the reforming 
25 catalyst and the like, and generally may be a temperature at which a fuel causes a reforming reaction 
generating a hydrogen gas. 

[0126] Heating temperature ranges for respective kinds of fuels are exemplified below. 

Kind of fuel Heating temperature ranges 
Natural gas 500 - 800 

Propane gas 500 - 800 

Kerosene 500 - 800 
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Gasoline 

Methanol, Dimethyl ether 



500 - 800 
200 - 400 



[0127] When a raw material gas passes through the reforming catalyst body 24, it becomes a 
reformed gas which usually contains CO in addition to hydrogen (for example, about 10% CO is 
contained when natural gas is used as a fuel and reforming is conducted at a temperature from 500 
5 to 800° C). On the other hand, when hydrogen obtained in the hydrogen generating apparatus of the 
present invention is used for example in a solid polymer type fuel cell, it is necessary that the CO 
concentration is reduced to about several thousands ppm to 1%. Therefore, this reformed gas is 
passed through a CO shifting catalyst body 27 to reduce the CO concentration in the reformed gas to 
about several thousands ppm to 1%. 
10 [0128] The production method and the like of the CO shifting catalyst body 27 are the same as 
those in the case of the above-described reforming catalyst body 24 except that the kinds of catalysts 
used are different. 

[0129] The CO shifting catalyst herein used is not particularly restricted providing it has a 
function to cause a reaction between CO and steam to give CO2 and hydrogen, and examples thereof 
15 include Cu-Zn-type catalysts, Fe-Cr-type catalysts and the like, usually used. Namely, the "CO 
shifting" herein referred to means a procedure in which CO and steam are reacted to give CO2 and 
hydrogen, and the high concentration (for example, 10%) of CO is lowered to the low concentration 
(for example, 1 to 2% or lower). 

[0130] Further, when methanol, dimethyl ether and the like are used as the fuel, reforming can 
20 be conducted at relatively lower heating temperature and the concentration of CO contained in the 
reformed gas becomes relatively lower. In such a case, the CO shifting catalyst body 27 may be 
eliminated and a CO purification catalyst body 29 described later is only provided. 
[0131] Further, when hydrogen is used in a solid polymer fuel cell, it is said to be desirable that 
the CO concentration is reduced to several ppm level. Therefore, in the hydrogen generating 
25 apparatus of the present invention, a reformed gas which has passed through the CO shifting catalyst 
body 27 is passed through a route e-to reach the CO purification catalyst body ^29. to oxidizing and 
removing CO contained in a trace amount. In this procedure, oxygen is necessary for oxidation of 
CO and, therefore, an oxidant gas-feeding part for purification 28 is provided on the way of a route 
from the shifting catalyst body 27 to the purification catalyst body 29. a 29. A reformed gas which 
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has passed through the CO shifting catalyst body 27 rtfeig allowed to contact together with air to the 
^A+frm^CO piirilication catalyst body 3-7t29. 

[0132] The production method and the like of the CO purification catalyst body 29 are the same 
as those in the case of the above-described reforming catalyst body 24 except that the kinds of 
5 catalysts used are different. The CO purification catalyst herein used is not particularly restricted 
providing it has a function to cause selective oxidation of CO contained in the reformed gas or a 
function to cause a reaction between CO and hydrogen for methanization, and examples thereof 
include Pt-type catalysts, Ru-type catalysts and the like carried on alumina. When hydrogen 
obtained from the hydrogen generating apparatus of the present invention is used in a fuel cell which 
10 can operate even when it contains several hundreds to several thousands ppm of CO, the CO 

purification catalyst body 9 29 can be eliminated. A reformed gas which has passed through the CO 
purification catalyst body 29 thus obtained can be taken from the reformed gas outlet 30 and fed to, 
for example, a fuel cell and the like. 

[0133] In the hydrogen generating apparatus of the present invention, it is preferable that outer 
15 sides of chambers, flow routes and the like containing catalyst bodies are covered with a heat 
insulating material. 

[0134] Further, since the reforming catalyst body 24, the CO shifting catalyst body 27 and the 
CO purification catalyst body 29 are different in the optimum temperature distribution and heat 
conducting condition, it is also effective that separate materials are selected for use from heat- 
20 resistance inorganic materials, metal materials and high heat-conductive inorganic materials, such as 
use of a metal carrier having a honeycomb structure excellent in heat-conductivity for the reforming 
catalyst body 24, used of a cordierite carrier having a honeycomb structure for the CO shifting 
catalyst body 27 and the CO purification catalyst body 29, and the like. 

[0135] Further, when a carrier having a honeycomb structure is used, composite-forming in the 
25 same catalyst body may also be an effective means for improving temperature distribution, such as 
placing of a metal rod in the center part thereof, constitution of the upstream part and the 
downstream part with different materials, and the like. 

[0136] Air is added instead of steam through the water feeding part 22 for conducting partial 

reforming, the proportion of hydrogen contained in the reformed gas decreases, however, a 

30 combustion reaction occurs simultaneously with reforming in the reforming catalyst body 24, 

rendering heating of the catalyst body easy. Also in this case, by using a carrier having a 

honeycomb structure, the contact area between the raw material gas and the reforming catalyst body 

increases, and the effective reaction becomes possible. 
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[0137] When air and steam are added simultaneously, intermediate properties between steam 
reforming and partial reforming are obtained. 

[0138] Further, chambers, How routes and the like containing therein catalyst bodies can be 
produced from materials such as, for example, stainless steal and the like by an ordinary method. 
5 [0139] The following examples will illustrate the present invention below, but do not limit the 
scope of the present invention. 

Example 3 

[0140] Pelletized catalysts for reforming, CO shifting and CO purification were respectively 
ground (particle size: about 1 |im), and dispersed in water in a ratio of catalyst component:water of 
10 1 :2 (by weight) and made into slurries. These slurries were coated on carriers made of cordierite 
having a honeycomb structure, to obtain a reforming catalyst body 24, a CO shifting catalyst body 
27 and a CO purification catalyst body 29. 

[0141] These catalyst bodies were incorporated into a hydrogen generating apparatus shown in 
Fig. 3. A de-sulfurized town gas was introduced through the fuel feeding part 21 at a flow rate of 50 
15 liter per minute and steam was introduced through the water feeding part 22 at a flow rate of 150 
liter per minute, and they were heated for reaction by a heating burner 25 so that the temperature of 
the reforming catalyst body 24 reached about 800° C. 

[0142] The composition of the produced gas excepting steam after passing through the 
reforming catalyst body 24 was measured by gas chromatography to find about 80% hydrogen, 

20 about 12% CO, about 8% carbon dioxide and 500 ppm methane. 

[0143] When this reformed gas was passed through the CO shifting catalyst body 27, the CO 
concentration became about 3000 ppm, and further, air was introduced though an oxidant gas 
feeding part 28 so that the oxygen concentration reached 2% and was reacted by using the CO 
purification catalyst body 29 to find a CO concentration of 5 ppm. 

25 [0144] The hydrogen generating apparatus was stopped once, then, started. Further, the 

stopping and starting operation was repeated 1500 times and the reformed gas composition was 
measured to find that methane concentrations was 800 ppm after passing the reforming catalyst 
body 24, about 4500 ppm after passing the CO shifting catalyst body 27, and 7 ppm after passing the 
CO purification catalyst body 29. 
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Example 4 

[0145] The hydrogen generating apparatus obtained in Example 3, a fuel cell and a driving 
motor were connected and mounted on an automobile, and a 100000 km driving test was conducted. 
[0146] After the driving, the composition of the reformed gas was measured by gas 
5 chromatography in the same manner as in Example 3 to find that a methane concentration was 1000 
ppm after passing the reforming catalyst body 24, a CO concentration was about 4800 ppm after 
passing the CO shifting catalyst body 27, and a CO concentration was 9 ppm after passing the CO 
purification catalyst body 29. 

Example 5 

10 [0147] The hydrogen generating apparatus was operated in the same manner as in Example 3 
except that a Fe-Cr-Al type stainless steel was used instead of cordierite as the material of a carrier 
having a honeycomb structure. 

[0148] The composition of the produced gas excepting steam after passing through the 
reforming catalyst body 24 was measured by gas chromatography to find about 80% hydrogen, 

15 about 12% CO, about 8% carbon dioxide and 300 ppm methane. 

[0149] When this reformed gas was passed through the CO shifting catalyst body 27, the CO 
concentration became about 2500 ppm, and further, air was introduced though the oxidant gas 
feeding part 28 so that the oxygen concentration reached 2% and was reacted by using the CO 
purification catalyst body 29 to find a CO concentration of 3 ppm. 

20 [0150] The hydrogen generating apparatus was stopped once, then, started. Further, the 

stopping and starting operation was repeated 1500 times and the reformed gas composition was 
measured to find methane concentrations of 700 ppm after passing the reforming catalyst body 24, 
of about 4000 ppm after passing the CO shifting catalyst body 27, and of 6 ppm after passing the 
CO purification catalyst body 29. 

25 Comparative Example 1 

[0151] Pelletized catalysts for reforming, CO shifting and CO purification used in Example 3 
were filled, without grinding, into chambers as shown in Fig. 4, and a de-sulfurized town gas was 
introduced through a fuel feeding part 3 1 at a flow rate of 50 liter per minute and steam was 
introduced through a water feeding part 32 at a flow rate of 150 liter per minute. The town gas was 
30 heated bv passing through a flow route having a heat exchange fin 33. 
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[0152] A reforming catalyst body 34 was heated for reaction by a heating burner 35 and a 
combustion gas is discharged From an exhaust port 36 in the same manner as in Example 3, and 
t4^ 3. The composition of the produced gas after passing through the reforming catalyst body 34 
excepting steam after passing through the reforming catalyst body 34 was measured by gas 
5 chromatography to find about 80% hydrogen, about 12% CO, about 8% carbon dioxide and 600 
ppm methane. 

[0153] When this reformed gas was passed through a CO shifting catalyst body 37, the CO 
concentration became about 3500 ppm. Further, when air was introduced though an oxidant gas 
feeding part 38 so that the oxygen concentration reached 2% and was reacted by using a CO 

10 purification catalyst body 39, a CO concentration became 6 ppm-r- . A reformed gas from which CO 
has been removed is fed through a reformed gas outlet 40 to a fuel cell for example. 
[0154] Then, the hydrogen generating apparatus was stopped, then, started. Further, the 
stopping and starting operation was repeated 1500 times and the reformed gas composition was 
measured to find a methane concentrations of 9000 ppm after passing the reforming catalyst body 

15 34, a CO concentration of about 14500 ppm after passing the CO shifting catalyst body 37, and a 
CO concentration of 5500 ppm after passing the CO purification catalyst body 39. The pelletized 
body was taken out of the reaction chamber and observed to find that a part of the palletized catalyst 
collapsed to be a size about three-forth of the original size. 

Comparative Example 2 

20 [0155] The hydrogen generating apparatus in Comparative Example 1, a fuel cell and a driving 
motor were connected and mounted on an automobile, and a 100000 km driving test was conducted 
like in Example 4. 

[0156] After the driving, the composition of the reformed gas was measured by gas 

chromatography to find a methane concentration of 20000 ppm after passing the reforming catalyst 
25 body 34, a CO concentration of about 16000 ppm after passing the CO shifting catalyst body 37, and 

a CO concentration of 9000 ppm after passing the CO purification catalyst body 39. 

[0157] The palletized catalyst body was taken out of the reaction chamber and observed to find 

that the palletized catalyst collapsed significantly to be a size about a half of the original size. 

[0158] As is apparent from the comparison between the evaluation results of examples and 
30 comparative examples, according to Pracfical Embodiment 3 of the present invention, a hydrogen 

generating apparatus can be provided which elongates the life of a catalyst, suppresses influences by 
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stopping of operation of an apparatus, repetition of operation and vigorous vibration, and operate for 
a long period of time in a stable manner. 

Embodiment 4 

[0159] Embodiment 4 of the present invention will be illustrated referring to drawings below. 
5 [0160] Fig. 5 is a schematic constitution view of Embodiment 4 of a hydrogen generating 
apparatus of the present invention. 

[0161] In the hydrogen generating apparatus shown in Fig. 5, a fuel is introduced through a fuel 
feeding part 41 and steam is added through a water feeding part for fuel reforming 42. A raw 
material gas prepared by mixing the fuel and stead passes through a flow route having a heat 

10 exchange fin 3^3. The raw material gas comes into contact with a reforming catalyst body 4446 
heated by a heating burner 4544 and reacts therewith, to produce a reformed gas. In this operation, a 
combustion gas is discharged from a discharging port 46745. Then, the amount of CO contained in 
this reformed gas is reduced by a CO shifting catalyst body 47. Further, since CO is required to be 
removed to several ppm level for use in a solid polymer fuel cell, a small amount of air is introduced 

15 through a CO purifying oxidant gas-feeding part 48, and CO is oxidized to be removed by using a 
CO purification catalyst body 49. A reformed gas from which CO has been removed is fed through 
a reformed gas outlet 50 to a fuel cell for example. 

[0162] A first filter 5 1 and a second filter 52 are placed respecfively at the downstream side of 

the reforming catalyst body 46 and the CO shifting catalyst body 47. 
20 [0163] For keeping the reaction vessel at constant temperature, parts of the apparatus may be 

covered with heat insulation materials. The catalyst body may be conventional one, and it is 

preferable to use a Ni catalyst for the reforming catalyst body, a Cu-Zn catalyst for the CO shifting 

catalyst body, and a Pt catalyst for the CO purification catalyst body, respectively. 

[0164] Examples of the fuel for generating a reformed gas are town gas (natural gas), propane, 
25 kerosene, gasoline, methanol, dimethyl ether and the like. As the reforming method, there are a 

steam reforming method in which steam is added, a partial reforming method in which air is added, 

reforming methods composed of combinations thereof, and the like. 

[0165] Herein, a case in which natural gas is used as the fuel gas and steam-reforming is 
conducted will be described as a typical example. However, reforming methods using other fuel or 
30 composed of partial reforming or a combination of partial reforming and steam reforming can be 
applied to the present method though the composition of the resulting reformed gas differs slightly 
and the temperature condition in reforming changes. 
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[0166] Operation and characteristics of a hydrogen generating apparatus according to Practical 
Embodiment 4 will be illustrated. 

[0167] A fuel is introduced through a fuel feeding part 41 and steam in an amount of about 3- 
fold based on the fuel is added through a water feeding part 42. The mixed raw material gas is 

5 heated by a heating burner 44, and comes into contact with a reforming catalyst body 46 which has 
been heated to about 500 to 800° C and reacts, to produce a reformed gas. Since this reformed gas 
contains CO in an amount of about 10% in addition to hydrogen, the concentration of carbon 
monoxide is reduced to about several thousands ppm to 1 % by using a CO shifting catalyst body 47. 
Further, when the resulted hydrogen gas is used in a solid polymer fuel cell, it is necessary that the 

10 CO concentration is reduced to about several ppm, therefore, a small amount of air is introduced 

through an oxidant gas feeding part 48 and CO is oxidized to be removed by using a CO purification 
catalyst body 49. The reformed gas from which CO has been removed is fed through a reformed gas 
outlet 50 to a fuel cell. 

[0168] As described above, in the case of a fuel cell system for automobile uses or domestic 

15 uses, frequent starting up and stopping should be repeated, and in this operation, significant heat 
impact is imparted to each catalyst body. Particularly in the case of automobile uses, vibration is 
applied to catalyst bodies in driving. If an apparatus is operated for a long period of time under such 
conditions, a catalyst body is cracked gradually and fine powder may be formed. At that time, there 
is no significant influence on the reactivity of a catalyst body itself, however, a catalyst powder 

20 fallen from the catalyst body flies or scattered to the downstream side. When a catalyst powder is 
thus scattered, the powder is collected mainly onto a catalyst body situated at the downstream side 
of the catalyst body caused the scattering. Specifically, the reforming catalyst is collected on a CO 
shifting part, and a CO shifting catalyst is collected on a CO purification part. 
[0169] Usually, since a catalyst which can be applied as a reforming catalyst for a hydrocarbon 

25 acts as a methanization catalyst under temperature condition wherein a CO shifting catalyst acts, a 
catalyst powder scattered from a reforming catalyst body consequently reduces the methane 
conversion. Further, also when a powder scattered from a CO shifting catalyst body is collected on 
a CO purification catalyst body, bad influences are exerted likewise. In the CO purification part, 
CO is selectively oxidized by addition of air, however, a CO shifting catalyst collected on a CO 

30 purification catalyst body reduces the selectivity of CO oxidation and simultaneously, a CO shifting 
catalyst reached near the downstream part of the CO purification catalyst causes a reaction between 
carbon dioxide and hydrogen by a reverse shift reaction and increases the CO concentration. 
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[0170] On the other hand, when a first f iher 51 and a second filter 52 are placed respectively at 
the downstream side of a reforming catalyst body and a CO shifting catalyst body, as in 
Embodiment 4, the apparatus can be operated for a long period of time in a stable manner without a 
scattered catalyst powder being collected on a CO shifting catalyst body and a CO purification 
5 catalyst body as described above. 

[0171] In this case, it is preferable that the first filter 51 at the downstream side of the reforming 
catalyst body 46 is set at a temperature wherein the methanization reaction does not proceed 
substantially. Since the methane reforming reaction is an equilibrium reaction depending on 
temperature, the methanization reaction proceeds in the temperature range from about 300 to 400° 

10 C. Accordingly, the methane conversion decreases. In the present embodiment, it is preferable that 
the first filter 5 1 is placed near and downstream of the reforming catalyst body 46 to control the 
temperature of the filter 51 near that of the reforming catalyst body 46. The temperature wherein 
the methanization reaction does not progress substantially means a temperature range wherein the 
methane concentration does not usually exceed 1 to 5%, depending on the methane conversion of 

15 the intended apparatus. 

[0172] As the above-described first filter 51 and second filter 52, filters can be used constituted 
of fiber composed of a metal, ceramics or complex thereof. It is also preferable to use filters in the 
form of mesh, honeycomb or foam composed of a metal, ceramics or complex thereof. 
[0173] For producing the filter, wool composed of a heat-resistant material such as stainless 

20 steal, glass or quartz may be installed in a tube to provide a thickness of several cm or may be 
compressed and molded into a thickness of several mm. 

[0174] These are structures which can collect a scattered catalyst particle, and fully cheap 
materials under use conditions. There is an effect that the surface is porous and a half or more of the 
catalyst scattered before passing through is collected. 

25 [0175] In the practical embodiment, the first filter 5 1 and second filter 52 are placed in ordinary 
narrow routes, however, the route at the filter part can be thickened so that the filter area increases, 
and the filter can be bent to suppress increase in pressure loss of the filter due to clogged catalysts. 
[0176] Since pressure loss increases by clogging of the filter, it is preferable to place pressure 
detecting instruments at the upstream side and the downstream side of the first filter 51 and the 

30 second filter 52. When the pressure loss increases, pumps for feeding fuels and the like are loaded, 
decreasing efficiency. Therefore, by detecting pressures before and after the filters, pressure loss by 
the first filter 51 and the second filter 52 is measured, and when it reaches the pre-determined 
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standard value, the filter can be exchanged for operation of the hydrogen generating apparatus for a 
long period of time in a stable manner. 

[0177] In the present embodiment, since it is required that a sohd polymer cell is used as the fuel 
cell and the CO concentration is reduced to ppm level, a CO purification catalyst body may be 
5 dispensable if the fuel cell part acts with a reformed gas containing CO in an amount from several 
hundreds to several thousands ppm, as described in the case wherein a reforming catalyst body, a 
CO shifting catalyst body and a CO purification catalyst body are all provided. 
[0178] When a fuel such as methanol and dimethyl ether is used, reforming is possible at a 
lower temperature around 300' C, and the CO concentration after reforming relatively decreases, 

10 therefore, there is also a case in which operation is possible only with a CO purification catalyst 

body even without employing a CO shifting catalyst body. In this case, since a catalyst similar to a 
CO shifting catalyst, for example, a copper-zinc-type catalyst is used as the reforming catalyst, the 
scattered catalyst powder has the same influence with the scattered CO shifting catalyst of the 
present example, and it is preferable to place a filter downstream of the reforming catalyst body. 

15 [0179] In the present embodiment, an example in which a fuel is steam-reformed is described, 
however, when partially reforming is conduced while adding air instead of steam, the proportion of 
hydrogen contained in the reformed gas decreases, and a combustion reaction occurs simultaneously 
with reforming on the catalyst and heating of the catalyst body becomes easy. Still more, when air 
and steam are added simultaneously, intermediate properties between the steam reforming and the 

20 partial reforming are obtained. 

[0180] Further, it is preferable to use a Ni catalyst for the reforming catalyst body, a Cu-Zn 
catalyst for the CO shifting catalyst body, and a Pt catalyst for the CO purification catalyst body, 
respectively, however, in the present invention, catalysts are not restricted particularly to the above- 
described examples providing they have activities to the reforming reaction, CO shifting reaction 

25 and CO purificadon reaction. 

[0181] A catalyst in the form of a pellet is used as the catalyst body, however, other forms may 
also be used, such as a catalyst body carried on honeycomb. 

[0182] In the present practical embodiment, filers are used as scattering preventing means in the 
present invenfion, however, there are also other possible means such as a method in which a band is 
30 formed to be collected on the way of the route downstream of the catalyst body utilizing the flow of 
a reformed gas, a method in which the inner surface of the route is processed by surface treatment 
for absorption of a powder, providing they are means for preventing scattering of a catalyst powder. 
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Embodiment 5 

[0183] Embodiment 5 of the present invention will be illustrated. In the present practical 
embodiment, as shown in Fig. 6, thermocouple 73 and measuring apparatus 74 connected to the 
thermocouple 73 are placed near a first filter 71, and the first filter 71 at the downstream side of a 
reforming catalyst body is set at a temperature wherein the methanization reaction progresses 
substantially. A second filter 72 i s placed at the downstream s ide of a CO shifting catalyst body 67. 
as in Embodiment 4. Further, air is introduced through a CO purifyin g oxidant gas-feedin g part 68, 
and CO is o xidized to be removed by using a CO purification catalyst body 69. A reformed gas 
from which CO has been removed is fed through a reformed gas outlet 70 to a fuel cell for example. 
10 Most of the actions and effects of the present embodiment are the same as those in Embodiment 4. 
Therefore, the present embodiment will be illustrated mainly on different parts. 
[0184] Fig. 6 is a schematic constitution vies of the present embodiment. The first filter 71 is 
placed near the intermediate part between a reforming catalyst body 66 and a CO shifting catalyst 
body 67, and the temperature thereof is in the range from 400 to 500° C which is also sandwiched 
15 between them. When the first filter 71 collects the scattered catalyst from the reforming catalyst 
body 66, heat generation occurs since the temperature of the first filter 7 1 is a temperature at which 
the methanization proceeds. The heating value is in proportion with the amount of the scattered 
catalyst collected on the first filter 71, and by detecting the temperature by thermocouple 73 placed 
near the first filter 71, the amount of the scattered catalyst collected on the first filter 71 can be 
20 estimated. When the temperature of the first filter 71 reached the standard value previously 

determined, if the filter is exchanged, the hydrogen generating apparatus can be operated for a long 
period of time in a stable fashion. 

[0185] In the present embodiment, the thermocouple are placed near and at the downstream of 
the filter as shown in Fig. 6, however, the thermocouple can be placed near and at the upstream side, 
25 on the side face or outside of the tube, depending on the constitution. As the temperature detecting 
apparatus, there can also be used detecting means which detect temperature giving signals, such as 
thermistors, bimetals and the like. 

[0186] The following examples illustrate Embodiments 4 and 5 of the present invenfion more 
specifically, but dot not limit the scope thereof. 

30 Example 6 

[0187] A reforming catalyst body 46 composed of a Ni-type reforming catalyst, a shifting 

catalyst body 47 composed of a Cu-Zn-type CO shifted catalyst, and a purification catalyst body 49 
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composed of a Pt-type CO selective oxidation catalyst were respectively filled in a hydrogen 
generating apparatus shown in Fig. 5. A first filter 5 1 and a second filter 52 composed of stainless 
metal fiber having a line diameter of 0. 1 |.im were respectively laced at downstream side of the 
reforming catalyst body 46 and the CO shifting catalyst body 47. A de-sulfurized town gas was 
5 introduced through a fuel feeding part 41 at a flow rate of 50 liter per minute and steam was 
introduced through a water feeding part 42 at a flow rate of 150 liter per minute, and they were 
heated for reaction by a heating burner 44 so that the temperature of the reforming catalyst body 46 
reached about 800"^ C. 

[0188] The composition of the reformed gas excepting steam after passing through the 
10 reforming catalyst body 46 was measured by gas chromatography to find about 80% hydrogen, 

about 1 1% CO, about 9% carbon dioxide and 0.05% methane. Further, the CO concentration was 8 
ppm after passing the purification catalyst body 49. And the temperatures of the first filter 5 1 and 
second filter 52 were measured to find they were 700"^ C and 150° C, respectively. 
[0189] The hydrogen generating apparatus was stopped once, then, started. Further, the 
15 stopping and starting operation was repeated 1500 times and the reformed gas composition was 

measured in a like manner. The methane concentrations in the gas before and after passing the first 
filter 5 1 and the methane concentrations in the gas after passing the CO shifting catalyst body 47 
were all 0.06%. The CO concentration of the gas after passing the CO purification catalyst body 49 
was 9 ppm. The pressures before and after the first filter 51 and the second filter 52 were measured 
20 and pressure losses were calculated based on the original pressures to find they were 20 mAq and 40 
mAq, respectively. The filters were removed from the apparatus and weights of the catalyst powder 
adhered were measured to find that the increase in weight of the first filter 51 was 12 g and that of 
the second filter 52 was 38 g. 

Example 7 

25 [0190] The hydrogen generating apparatus of Example 5, a fuel cell and a driving motor were 
connected and mounted on an automobile, and a 20000 km driving test was conducted. After the 
driving, the composition of the reformed gas was measured by gas chromatography in the same 
manner as in Example 5 to find that the methane concentrations in the gas before and after passing 
the first filter 51 and the methane concentrafions in the gas after passing the CO shifting catalyst 

30 body l Al were all 0.08%. The CO concentrafion of the gas after passing the CO purification 
catalyst body 4 49 was 10 ppm. 
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Example 8 

[0191] As shown in Fig. 6, a first filter 71 was placed at the intermediate part between a 
reforming catalyst body 66 and a CO shifting catalyst body 67. Thermocouple 73 were placed so 
that they were in contact with the first filter 71, and signals of the thermocouple 73 were read by a 
5 measuring apparatus 74. 

[0192] A de-sulfurized town gas was introduced through a fuel feeding part 61 at a flow rate of 
50 liter per minute and steam was introduced through a water feeding part 62 at a flow rate of 150 
liter per minute. The composition of the gas after passing through fhe a flow route hav ing a heat 
exchan ge fin 63 and a reforming catalyst body 66 was found to include about 80% hydrogen, about 

10 11% CO, about 9% carbon dioxide and 0.05% methane. The reformed gas catalyst body 66 was 
heated for reaction bv a heatin^ burner 64 and a combustion gas was discharged from an exhaust 
port 65. Further, the composition of the gas after passing a CO shifting catalyst body 67 included 
0.05% methane and 0.3% CO, respectively. Further, the CO concentration of the gas after passing a 
CO purification catalyst body 69 was 8 ppm. 

15 [0193] The hydrogen generating apparatus was stopped once, then, started in the same manner 
as in Example 5. Further, the stopping and starting operation was repeated 1500 times and the 
reformed gas composition was measured. The methane concentrations in the gas after passing the 
reforming catalyst body 66 was 0.06%, and the methane concentration of the gas after passing the 
reforming catalyst body 66 was 5.5%. The CO concentration of the gas after passing the CO 

20 shifting catalyst body was 0.3%, and the CO concentration of the gas after passing the CO 
purification catalyst body ^69 was 10 ppm. The temperature of the first filter 71 was compared 
with the original value to find a increase of 15"^ C. The first filter 71 was removed from the 
apparatus and weight of the catalyst powder adhered was measured to find that the weight of the 
catalyst powder adhered to the first filter 71 was 12 g. 

25 [0194] Then, the first filter 71 was changed to a new one, and the hydrogen generating apparatus 
was started up again. The methane concentration of the gas before and after passing the first filter 
71 and the methane concentration of the gas after passing the CO shifting catalyst body 3767 were 
each 0.06%. The CO concentration of the gas after passing the CO purification catalyst body was 9 
ppm. 

30 Comparative Example 3 

[0195] The first filter 5 1 and the second filter 52 were removed in Example 5 and town gas and 

water were reacted. A de-sulfurized town gas was introduced through the fuel feeding part 41 at a 
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flow rale of 50 liter per minute and steam was introduced through the water feeding part 42 at a flow 
rate of 150 liter per minute, and they were reacted. The composition of the reformed gas was found 
to include about 80% hydrogen, about 1 1% CO, about 9% carbon dioxide and 0.05% methane. 
Further, the composition of the gas after passing the CO shifting catalyst body lAl included 0.05% 
5 methane and 0.3% CO, respectively. Further, the CO concentration of the gas after passing the CO 
purification catalyst body 949 was 8 ppm. 

[0196] The hydrogen generating apparatus was stopped once, then, started in the same manner 
as in Example 5. Further, the stopping and starting operation was repeated 1500 times and the 
reformed gas composition was measured. The methane concentrations in the gas after passing the 
10 reforming catalyst body M6 was 0.06%, and the methane concentration of the gas after passing the 
CO shifting catalyst body l Al was 5.5%. Further, the CO concentration of the gas after passing the 
CO shifting catalyst -747 was 0.3%, and the CO concentration of the gas after passing the CO 
purification catalyst body 949 was 350 ppm. 

[0197] As is apparent from the comparison between the evaluation results of Examples 6 to 8 
15 and Comparative Example 3, the hydrogen generating apparatuses of Practical Embodiments 4 and 
5 prevents influences by stopping of operation of an apparatus, repetition of operation and scatter of 
a catalyst due to vigorous vibration, and can be operated for a long period of time in a stable 
manner. 

[0198] [00100] It will be appreciated by those skilled in the art that changes could be made to 
20 the embodiments described above without departing from the broad inventive concept thereof. It is 
understood, therefore, that this invention is not limited to the particular embodiments disclosed, but 
it is intended to cover modifications within the spirit and scope of the present invention as defined 
by the appended claims. 
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ABSTRACT OF DISCLOSURE 
The p r e s e nt s pecification dis closes u A hydrogen generating apparatus characteri/ .ed i n tha t 
ti having a fuel feeding part, a water feeding part for fuel reforming, an oxidant gas Feeding part, a 
reforming catalyst body, a heating par t for the r eforming catalyst, a CO shift ing cataly st body and a 
CO purification catalyst body is pioyided wherein the reforming catalyst bod y, the CO shifting 
catalyst body and t he CO purification catalyst body are sequentially ordered from the fuel feeding 
part toward the downstream side, and wherein a shifting catalyst of the shifti ng catalyst body 
contains as one component at least a platinum gr oup-ty pe cataly st. A fuel and water are fed to the 
reforming partT which has been heated, and an oxidant gas from the oxidant gas feeding part is 
mixed w with each of a reformed gas introduced into the shifting part and a shifted gas.i jbiai ii ed in 
l he..shiftingjari and introduced into the purification part o b i ain e d in t he shiftin g part, an d , wherein 
at least a part of the reformed gas and at least a part of the shifted gas are oxidized^ respectiyely^ in 
the shifting part and the purification part. A ccord i ng to t he p r e se nt i nvent i on, there is provided a 
hydrogen generating apparatus assuming daily starting up and stop ping in which the temperatures of 
catalysts in respective reaction parts can be stabilized in a short period of time with a s imple 
constitution. 
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